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PREVENTION OFENDOTOXAEMIA IN OBSTRUCTIVE
JAUNDICE A COMPARATIVE STUDY
OF BILE SALTS
J.A. PAIN* and M.E. BAILEY
Department ofSurgery, Royal Surrey County Hospital, Guildford, Surrey, UK
Systemic endotoxaemia is associated with postoperative renal dysfunction in obstructive jaundice, and
can be prevented by the pre-operative administration of certain bile salts. In order to find the most
effective bile salt for use in this condition, a comparison of the anti-endotoxic activities of different bile
salts was performed. Bile salts were incubated in vitro with endotoxin and the resultant endotoxin level
was measured with a quantitative limulus assay. The in vivo effects of different oral bile salts on the
intestinal absorption of radiolabelled endotoxin from rats with obstructive jaundice were compared. The
in vitro and in vivo anti-endotoxic activities of bile salts related to their known detergent activities.
Deoxycholic acid and its conjugates were the most effective and should be the bile salts of choice for
further clinical evaluation in obstructive jaundice in man.
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INTRODUCTION
Postoperative acute renal failure occurs in9% of patients with obstructive jaundice1.
There is considerable evidence to implicate the presence of endotoxins within the
systemic circulation in the development of this renal dysfunction2-4. Systemic
endotoxaemia is believed to result from an increased absorption of intestinal
endotoxin into the portal circulation4’5 and its impaired removal by the Kupffer cells
within the liver6’7.
The presence of bile within the intestinal lumen reduces endotoxin absorption8’9.
Oral administration of bile salts abolishes endotoxaemia in rats with bile-duct
ligation4. In patients with obstructive jaundice, oral sodium deoxycholate prevents
both portal and systemic endotoxaemia and protects postoperative renal function1.
However, chenodeoxycholic acid is less effective in these roles1 and
ursodeoxycholic acid has been found to confer no benefit12. An in vitro and in vivo
comparison of bile salts has been performed to find which bile salt should be the most
effective anti-endotoxaemic agent for use in obstructive jaundice.
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METHODS
In Vitro Study
Different bile salts and their conjugates were compared as to their ability to inhibit
endotoxin activity in vitro. Bile salts were incubated with endotoxin and the resultant
endotoxin level was measured.
The bile salts (200 mg, >98% purity, Sigma) were dissolved in 99% ethanol (4 ml),
and then added to sodium phosphate buffer 86 ml, pH 7.0). Various concentration of
the bile-salt/buffer solution were mixed with Escherichia coli endotoxin (20
0111B4, Difco) in water (0.2 ml), made up to 2 ml with sodium phosphate buffer and
incubated at 37C for 6 h. The mixtures were then assayed for endotoxin by means of
a quantitative chromogenic limulus assay5. The assay had a lower limit of sensitivity
of lpg/ml endotoxin in water, with a coefficient of variation of 4% with 50pg/ml
endotoxin in water. All tests were performed in triplicate with appropriate controls.
In Vivo Study
Different bile salts and their conjugates were compared in their ability to prevent the
absorption of radiolabelled endotoxin from the intestines of rats with obstructive
jaundice.
Endotoxin was labelled with Cr51 according to the method of Braude et al. 13
Endotoxin, E.coli 0111B4 (700 mg, Sigma) was suspended in phosphate chloride
buffer (140 ml, pH 7). The endotoxin suspension was incubated at 37C for 24 h with
radiolabelled sodium chromate (300 MBq, Amersham International). After
incubation the endotoxin/sodium chromate was dialysed against de-ionized water,
weakly buffered with phosphate chloride, at room temperature, until there was no
longer any significant loss of radioactivity into the dialysate. The radiolabelled
endotoxin was stored at 4C in gas-evacuated vials and, prior to use, tested for
unbound chromium by further dialysis.
Seventy-four male Wistar rats (weight 270-300gm) underwent common bile-duct
(CBD) ligation and division or sham operation on Day 0 and were treated as shown
in Figure 1. The extrapancreatic part of the CBD was mobilized and divided between
silk ligatures, and in the sham operation a silk ligature was placed around the CBD
and then removed.
On Day 12, 63 rats (seven groups of nine) received one of the following bile salts in
an oral dose of6mg/100gm body weight every 8 h fortwo days: sodium deoxycholate,
cholic acid, chenodeoxycholic acid, ursodeoxycholic acid, sodium taurocholate,
sodium taurodeoxycholate, and glycodeoxycholic acid. A dose of 6mg bile salt/100
gm body weight was chosen since preliminary experiments had shown that this dose
of sodium deoxycholate had prevented the absorption of more than 60% of orally
administered radiolabelled endotoxin. On Day 14, 4 h after the final dose of bile
salts, radiolabelled endotoxin (2mg/100gm body weight) was given via a gavage tube
to all rats.
Four hours later the rats were killed by cervical dislocation, and immediate
laparotomy was performed. Ligatures were placed around the lower oesophagus and
distal rectum, and the intestines including the stomach were removed. The attached
mesentery was discarded and the intestines were counted for radioactivity to
calculate the percentage radioactivity remaining in the intestines. From three control
jaundiced rats the livers, lungs, spleens, kidneys, and samples of blood and uriec
were also measured for radioactivity.ENDOTOXAEMIA-WHICH BILE SALT? 23
NON-JAUNDICED JAUNDICED BILE SALT
CONTROLS CONTROLS TREATED
DAY 0 5 rats 6 rats 63 rats
Sham op. CBD ligation CBD ligation
12 days 12 days 12 days
2 days 2 days 2 days
starved of food starved of food starved of food
Oral bile salts
DAY 4 Radiolabelled Radiolabelled Radiolabelled
Endotoxin Endotoxin Endotoxin
Killed Killed Killed
4 hours later 4 hours later 4 hours later
Figure 1 Design of animal experiment.
Statistics
Comparisons between groups were made with.the Student’s t-test.
RESULTS
In Vitro Study
Controls in which only buffer was added to endotoxin showed no significant loss of
detectable endotoxin after incubation. All bile salts tested reduced the detectable
endotoxin level. The dihydroxy bile salts, glycodeoxycholic acid and deoxycholic
acid, proved to have the greatest in vitro anti-endotoxic action. Only 400txg/ml of
these bile salts was required to reduce the detectable endotoxin level from 10txg/ml to
<50pg/ml (20 000-fold decrease). The mean activities of other bile salts expressed as
a percentage of that of deoxycholic acid are shown in Table 1.
In Vivo Study
The rats each received 1.7ml radiolabelled endotoxin, which produced a mean 149
781 counts per minute. No diarrheogenic effect of the bile salts was evident. Two rats
in the chenodeoxycholic-acid-treated group and one in the taurocholate-treated
group died during the experiment and are not included in the results. In the sham-
operated (non-jaundiced) rats less than 10% (mean intestinal radioactivity count 137
079 +7373) of the radioactive label was absorbed, whereas in the jaundiced rats 65%
(mean intestinal radioactivity count 52 425 +_7193) was absorbed (t 19.2, d.f. 9,
P<0.001). The mean radioactivity counts per minute of the tissue and body fluids
taken from the three jaundiced control rats were liver 13 259, spleen 982, kidney
4873, urine 2240, packed cell blood 1871 per ml, plasma 724 per ml.
All bile salts tested, except ursodeoxyxholic acid, produced a significant (P<0.05)24 J.A. PAIN and M.E. BAILEY
Table 1 In vitro and in vivo comparison of bile salts. In vitro results expressed as bile-salt concentration
required to reduce the detectable endotoxin level from 101xg/ml to 50pg/ml. In vivo results expressed as
mean -+s.d. residual intestinal endotoxin radioactivity counts. In bracket: percentage activity compared to
glycodeoxycholic acid.
In Vitro In Vivo
Ixg/ml % 10 cpm
Secondary bile salts
Glycodeoxycholic acid 400 (100)
Deoxycholic acid 400 (100)
Na Glycodeoxycholate 500 (80)
Na Taurodeoxycholate 500 (80)
Chenodeoxycholic acid 600 (66)
Na Glycochenodeoxycholate 600 (66)
NaTaurochenodeoxycholate 700 (57)
Primary bile salts
Cholic acid 1700 (23)
Glychocolic acid 1700 (23)
Na Glycocholate <2000 (>20)
Na Taurocholate <2000 (>20)
Tertiary bile salts
Ursodeoxycholic acid <2000 (>20)
114 12 (100)
116 +- 18 (97)
106 _+23 (90)










reduction in the absorption of the radiolabelled endotoxin. Glycodeoxycholic acid
was the most effective agent and reduced the percentage endotoxin absorption to a
mean 24 ---8. The activities of other bile salts expressed as a percentage of that of
glycodeoxycholic acid are shown in Table 1.
DISCUSSION
Bile salts are detergents and have a direct anti-endotoxic action in vitro, causing
inactivation of the endotoxin molecule14-16. Endotoxin, which is aggregated into
particles with a molecular weight of about 1 000 000, is disassociated by bile salts to
form non-toxic subunits with molecular weights of about 20 00014.
The presence of bile within the intestinal lumen prevents endotoxin absorption.
The clinical effects of endotoxaemia cannot be induced in healthy animals by the oral
administration of endotoxin even if doses 500-3000 times the minimal lethal
17 18 parenteral dose are given Endotoxin absorption is increased in obstructive
jaundice
4 or after bile-duct cannulation and external biliary drainage8, but is reduced
in obstructive jaundice if the endotoxin is incubated with a bile salt prior to its oral
administration19, if oral bile salts are administered4, or if internal biliary drainage is
performed9.
All bile salts tested had potent in vitro anti-endotoxic activities, and the most
active were those of the dihydroxy bile acid, deoxycholic acid and its conjugates, and
the least activity was shown by ursodeoxycholic acid. Lithocholic acid and its
conjugates were not tested since they are toxic and would be unsuitable for use inENDOTOXAEMIA-WHICH BILE SALT? 25
man. These results are consistent with previous studies examining the in vitro anti-
endotoxic activity of bile salts. Iwasaki and Tanikawa2 found that deoxycholic acid
was the most effective bile salt compared to chenodeoxycholic acid, its conjugates
and taurocholic acid. Liehr et al. 21, comparing conjugates of bile salts, showed that
those of deoxycholate had a greater anti-endotoxic activity than those of
chenodeoxycholate, while those of cholate were the least effective. These previous
studies measured endotoxic with a semiquantitative limulus assay based on a
subjective assessment of the type of gel formed. The assay used in the present
experiment was highly sensitive, reproducible and quantitative.
The comparative in vitro bile-salt activities related to their known critical micellar
concentration22’23, which supports the theory that it is the detergent properties of the
bile salts that render endotoxins inactive.
The labelling of endotoxin with Cr
51 was first described by Braude et al. 13 Although
there is uncertainty as to the exact location of the radiolabel within the endotoxin
molecule, the attachment is very stable both in vitro and in PiPo13’24-26. Four hours
after oral administration of the radiolabelled endotoxin to the jaundiced rats, some
absorbed radioactivity was in the liver, but most was present in the plasma. This
distribution is similar to that found after intravenous injection of Cr5x -labelled
endotoxin into animals13. Endotoxin binds to plasma high-density lipoproteins and
circulates in this complex form until cleared from the ciruclation27. In our study it is
unlikely that the Cr
51 present in the circulation was free, because if free Cr51 is
injected intravenously the majority can subsequently be found within the red-cell
28 29 layer and not within the plasma
There was increased absorption of radiolabelled endotoxin in the bile-duct-ligated
rat. This probably occurred due to a lack of intestinal bile rather than due to the
hyperbilirubinaemic state, since bile-duct cannulation in rats also leads to an
increased absorption of endotoxin8’9. All of the bile salts tested, except for
ursodeoxycholic acid, significantly reduced endotoxin absorption. As in the in vitro
study deoxycholic acid and its conjugates were the most effective, and the bile-salt
activities related to their known detergent activities2’21. A greater difference
between the bile-salt activities was shown by the in vitro test, but this probably
related to the bile salts being incubated with the endotoxin for 6 h in controlled
conditions, whereas in the in vivo test the endotoxin was given only 4 h before the
animal was killed; also, numerous biological variables could effect the interaction
of bile salts and endotoxin. The choice of the most suitable bile salt as a pro-
phylactic agent against endotoxaemia in obstructive jaundice depends not only
on the individual salt’s activity as determined in vitro but also on its metabolism and
action in vivo. It is probably unimportant whether a bile "acid" or bile "salt" is used,
since most bile "salts" precipitate as bile "acids" in the stomach as their precipitation
pH values are higher than the luminal pH3.
In order to prevent endotoxaemia in obstructive jaundice it is recommended that
deoxycholic acid or its conjugates be the agents of choice for further clinical
evaluation.
RefeFences
1. Pain, J.A., Cahill, C.J. and Bailey, M.E. (1985) Perioperative complications in obstructive jaundice:
therapeautic considerations. British Journal of Surgery, 72,942-945
2. Wardle, E.N. (1975) Endotoxinaemia and the pathogenesis of acute renal failure. Quarterly Journal
ofMedicine, 44,389-39826 J.A. PAIN and M.E. BAILEY
3. Wilkinson, S.P., Moodie, H., Stamatakis, J.D., Kakkar, V.V. and Williams, R. (1976)
Endotoxaemia and renal failure in cirrhosis and obstructive jaundice. British Journal ofMedicine, 2,
1415-1418
4. Bailey, M.E. (1976) Endotoxin, bile salts and renal function in obstructive jaundice. British Journal
ofSurgery, 63,774-778
5. Pain, J.A. and Bailey, M.E. (1987) Measurement of operative endotoxin plasma levels in jaundiced
and non-jaundiced patients. European Surgical Research, 19,207-216
6. Drivas, G., James, O. and Wardle, N. (1976) Study of reticuloendothelial phagocytic capacity in
patients with cholestasis. British Medical Journal, i, 1568-1569
7. Pain, J.A. (1987) Reticuloendothelial function in obstructive jaundice. British Journal ofSurgery, 74,
1091-1094
8. Koscar, L.T., Bertok, L. and Varteresz, V. (1969) Effect of bile acids on the intestinal absorption of
endoxin in rats. Journal of Bacteriology, 100,220-223
9. Gouma, D.J., Coelho, J.C.U., Fisher, J.D., Schlegal, J.F., Li, Y.F. and Moody, F.G. (1986)
Endotoxemia after relief of biliary obstruction by internal and external drainage in rats. The
American Journal of Surgery, 151,476-479
10. Cahill, C.J. (1983) Prevention of post-operative renal failure in patients with obstructive jaundice
the role of bile salts. British Journal ofSurgery, 70,590-593
11. Cahill, C.J., Pain, J.A. and Bailey, M.E. (1987) Bile salts, endotoxin and renal function in obstructive
jaundice. Surg. Gynecol. Obstet., 165,519-522
12. Thompson, J.N., Cohen, J., Blenkharn, J.I, McConnell, J.S., Barr, J. and Blumgart, L.H. (1986) A
randomized clinical trial of oral ursodeoxycholic acid in obstructive jaundice. British Journal of
Surgery, 73,634-636
13. Braude, A.I., Carey, F.J. and Zalesky, M. (1955) Studies with radioactive endotoxin. Journal of
Clinical Investigation, 34,850-857
14. Ribi, E., Anacker, R.L., Brown, R., Haskins, W.T., Malmgren, B., Milner, K.C. and Rudbach,
J.A. (1966) Reaction of endotoxin and surfactants. I. Physical and biological properties of endotoxin
treated with sodium deoxycholate. Journal of Bacteriology, 92, 1493-1509
15. Rudbach J.A., Anacker, R.L., Haskins, W.T., Johnson, A.G., Milner, K.C. and Ribi, E. (1966)
Physical aspects of reversible inactivation of endotoxin. Annals ofNew York Academy of Science,
133,629-643
16. Shands, J.W. and Chun, P.W. (1980) The dispersion of Gram-negative lipopolysaccharide by
deoxycholate. Journal ofBiological Chemistry, 255, 1221-1226
17. Berczi, I., Bertok, L., Baintner, K. and Veress, (1968) Failure of oral Escherichia coli endotoxin to
induce either tolerance or toxic symptoms in rats. JournalofPathology and Bacteriology, 96,481-486
18. Bertok, L. (1977) Physico-chemical defense of vertebrate organisms: the role of bile acids in defense
against bacterial endotoxins. Perspectives in Biology and Medicine, 21, 70-76
19. Filkins, J.P. (1971) Decreased shock lethality in rats with surfactant treated endotoxin. Proceedings
ofthe Society of Experimental Biology and Medicine, 136,466-468
20. Iwasaki, M. and Tanikawa, K. (1971) Liver diseases and endotoxin. Part I. Effect of bile acid on
endotoxin. Nippon Shokakibyo Gakkai Zasshi, 78, 1232-1240
21. Liehr, H., Grun, M., Brunswig, D. and Sautter, T. (1976) Endotoxinamiebei leberzirrhose.
Zeitschriftfiir Gastroenterologie, 14, 14-23
22. Hofmann, A.F. (1963) The function of bile salts in fat absorption. Biochemistry Journal, 89, 57-68
23. Hisadone, T., Nakama, T., Itoh, H. and Furusawa, T. (1980) Physical-chemical properties of
chenodeoxycholic acid and ursodexycholic acid. Gastroenterology Japan, 15,257-263
24. Chedid, L., Skarnes, R.C. and Parant, M. (1963) Characterization of a Cr51 -labeled endotoxin and ts
identification in plasma and urine after parenteral administration. Journal ofExperimenal Medicince,
117,561-571
25. Daniele, R., Singh, H., Appert, R.E., Pairent, F.W. and Howard, J.M. (1970) Lymphatic absorption
of intraperitoneal endotoxin in the dog. Surgery, 67,484-487
26. Nolan, J.P., Hare, D.K., McDevitt, J.J. and Ali, M.V. (1977) In vitro studies of intestinal endotoxin
absorption. I. Kinetics of absorption in the isolated everted gut sac. Gastroenterology, 72,434-439
27. Ulevitch, R.J., Johnstone, A.R. and Weinstein, D.B. (1981) New function for high density
lipoproteins: isolation and characterization of a bacterial lipopolysaccharide-high density lipoprotein
complex formed in rappit plasma. Journal of Clinical Investigation, 67,827-837
28. Braude, A.I., Carey, F.J. and Zalesky, M. (1955) Studies with radioactive endotoxin. II. Correlation
of physiological effects with distribution of radioactivity in rabbits injected with lethal doses of E.coli
endotoxin labelled with radioactive sodium chromate. Journal of Clinical Investigation, 34,858-866ENDOTOXAEMIA-WHICH BILE SALT? 27
29. Manzo, L., Di Nucci, A., Edel, J., Gregotti, C. and Sabbioni, E (1983) Biliary and gastrointestinal
excretion of chromium after administration of Cr-III and Cr-IV in rats. Research Communications in
Biochemical Pathology, 42, 113-125
30. Igimi, H. and Carey, M.C. (1980) pH-solubility relations of chenodeoxycholic and ursodeoxycholic
acids: physical-chemical basis for dissimilar solution and membrane phenomena. Journal of Lipid
Research, 21, 72-90
Accepted by S. Bengmark on 14 March 1988